study question: What are the recurrence and pregnancy rates in women managed for ovarian endometrioma by ablation using plasma energy with and without associated surgery for colorectal endometriosis?
Introduction
Surgical management of ovarian endometriomas using plasma energy was introduced into our daily practice in 2009. Our decision to adopt this new treatment modality was based on evidence that endometrioma cystectomy reduces the ovarian reserve (Busacca and Vignali, 2009) , lowers the success rate of IVF (Somigliana et al., 2003) and does not prevent recurrences in women who wish to conceive and are free of hormonal ovarian blockage (Seracchioli et al., 2010) . Since January 2009, our results have been assessed in terms of histopathological effects of the ablative technique (Roman et al., 2011a) , consequences on ovarian features (Roman et al., 2011b ) and anti-Mullerian hormone level (Roman et al., 2014) , rates of post-operative pregnancy and recurrences (Roman et al., 2013a) . Each evaluation has revealed promising data, suggesting that ovarian endometrioma vaporization using plasma energy may be an ovarian tissue sparing technique with potential positive results in terms of fertility preservation. A large randomized controlled trial comparing cystectomy and vaporization using plasma energy (PREPA) is planned for 2015, with patient enrollment and follow-up requiring several years and full results are expected in 2018.
There is a keen debate surrounding the best management (surgery or primary assisted reproductive techniques, ART) of patients with pregnancy intention, and presenting with deep infiltrating endometriosis of the colon and rectum. Despite the absence of randomized trials or even the promise of one in the near future, many physicians refer their patients to ART management before surgery, especially when ovarian endometriomas exist. This is a debatable strategy, due to an evident need for both thorough assessment of the impact of colorectal endometriosis surgery on post-operative fertility, and analysis of the risk of inducing further complications and additional surgical morbidity by delaying surgery for severe and aggressive deep colorectal endometriosis. A question arises as to the impact of systematically performing ART instead of surgery on spontaneous conception in women with colorectal endometriosis, often known to be infertile, and fuels investigation into whether or not performing concomitant surgical management of colorectal endometriosis in women managed for ovarian endometriomas influences the results in terms of post-operative recurrences and pregnancy rates.
The aim of our study was to prospectively assess recurrence and pregnancy rates in women with and without colorectal endometriosis, who were managed by endometrioma ablation using plasma energy, and whose post-operative follow-up exceeded 12 months.
Materials and Methods
Women included in this study were managed for either unilateral or bilateral ovarian endometriomas using plasma energy from January 2009 to December 2012. All women benefited from laparoscopic treatment of their pelvic endometriosis, which included at least one ovarian cyst exclusively treated by ablation using plasma energy (no patient underwent cystectomy). Where the digestive tract was infiltrated by deep endometriosis nodules, patients also underwent appropriate colorectal surgery by shaving, disc excision or colorectal resection, depending on patient characteristics and informed choice. Endometriomas smaller than 30 mm were only treated when the main goal of surgery was management of associated deep endometriosis or lysis of adhesions thought to be involved in patient infertility. Post-operatively, the surgeon advised patients on their capacity to conceive and recommended attempting spontaneous conception or planning ART.
Endometrioma vaporization was performed with the PlasmaJet w system (Plasma Surgical, Inc., Roswell, GA, USA) and has been previously described (Roman et al., 2011a) . The surgeon attempted in each case to treat all associated endometriosis lesions. In patients with rectal endometriosis, management was mainly based on conservative procedures (rectal shaving and disc excision) (Roman et al., 2011c (Roman et al., , 2013b , however, colorectal resection was performed in young patients presenting with large infiltrations responsible for advanced stenosis.
Women were included and followed up through the CIRENDO database (the North-West Inter-Regional Female Cohort for Patients with Endometriosis) a prospective cohort financed by the G4 Group (The University Hospitals of Rouen, Lille, Amiens and Caen, France), and coordinated by the corresponding author of the present study (H.R.) (NCT02294825). Information was obtained from surgical and histological records and from selfquestionnaires completed before surgery. Data recording, patient contact and follow-up were carried out by a clinical research technician. Women were included in the CIRENDO database only when endometriosis was confirmed by both surgical exploration and biopsy. Post-operative follow-up was based on data from the aforementioned questionnaires completed at 1, 3 and 5 years. Prospective data recording and analysis were approved by the French authorities CNIL (Commission Nationale de l'Informatique et des Libertés) and CCTIRS (Comité Consultatif pour le Traitement de l'Information en matière de Recherche dans le domaine de la Santé).
All patients enrolled in this study had post-operative follow-up of at least 12 months. Eight women included in our first pilot study (Roman et al., 2011a) were managed by both ablation and cystectomy and were consequently excluded from the present study.
In our practice, administering both pre-and post-operative hormonal treatment (GnRH analogs, progestins or contraceptive pills) is generally intended to prevent immediate post-operative menstrual blood reflux on the operative sites (Schweppe and Ring, 2002) . In women wishing to conceive and with no formal recommendation for post-operative ART, the treatment is usually interrupted 6 -8 weeks post-operatively. As an increase in post-operative time without hormonal treatment increases the risk of cyst recurrences (Seracchioli et al., 2010) , we recommend a complete fertility assessment of both the patient and partner 2 -4 months after stopping hormonal treatment. Should fertility assessment reveal abnormal findings, the patient is immediately referred for appropriate ART. In the absence of abnormality, patients are encouraged to try to conceive spontaneously and Post-operative recurrence of endometrioma and pregnancy should this fail a follow-up visit is scheduled for 6 -9 months later. Patients referred to ART benefited from continuous contraceptive pill intake during two successive ART procedures, so as to reduce risk of recurrences (Seracchioli et al., 2010) .
Patients underwent pelvic ultrasound examination from January to April 2014 to check for recurrences. Post-operative evolution of pelvic pain was assessed through 1-year follow-up questionnaires recorded in the CIRENDO database. If patients moved and/or changed telephone numbers during the follow-up period, contact was reestablished by email and/or via their general practitioner. Where contact was lost, data were used from the most recent post-operative visit, which then became the designated end of follow-up point (right censored data).
Endometriosis recurrence on ovaries was considered as the presence of a homogeneous hypo-echogenic cyst arising either on the operated or contralateral ovary (Fedele et al., 2006; Sesti et al., 2009) . Endometrioma was then confirmed by magnetic resonance imaging, the ovarian cyst presenting with high signal intensity content on T1-weighted images.
Statistical analysis was performed using the Stata 9.0 software (Stat Corporation, Lakeway Drive, TX, USA). Women with and without associated deep colorectal endometriosis were compared using either the KruskalWallis test (continuous variable) or the Fisher exact test (qualitative variables). Kaplan -Meier and actuarial life-table analysis were used to estimate the recurrence-free survival curve and pregnancy likelihood as a function of follow-up with 95% confidence intervals (CIs), and were compared using the log-rank test. The Cox model was used to assess independent predictive factors for recurrences. The logistic regression model was used to estimate the probability of pregnancy depending on independent predictive factors. P , 0.05 was considered statistically significant. The 'sampsi' command was used to estimate the statistical power of comparative analysis associated with main variables, and the sample size required to reveal statistically significant differences (statistical power at 80%).
Results
From January 2009 to December 2012, 124 women were managed for pelvic endometriosis with one or more ovarian endometriomas treated by ablation using plasma energy. Of the 124 patients, 52 were also managed for colorectal endometriosis, 120 were included in the CIRENDO database and the four other patients were not Frenchspeakers (data presented in Tables I and II) . For these four patients who did not complete the pre-and post-operative CIRENDO questionnaires, data were obtained from medical charts (Table III) . They benefited from complete follow-up and their results were included in the statistical analysis of recurrence and pregnancy rates. No women were lost to follow-up, however, Tables I, II and IV present information from only those patients whose characteristics were fully recorded in the CIRENDO database. Table I presents main patient characteristics, while Table II reports on the major endometriosis-related painful pelvic symptoms, namely dysmenorrhea, deep dyspareunia and digestive complaints, and their impact on patient social and sexual behavior and quality of life. Forty-eight patients (40.3%) were presumed infertile and attended an ART center. Of these patients, 19 (39.6%) became pregnant preoperatively, but only 11 (23.4%) ultimately gave birth. Intraoperative findings, disease localizations, revised American Society for Reproductive Medicine (rAFS) score values and surgical procedures are summarized in Table III . The mean follow-up was 32 + 18 months (range 13 -64 months). By June 2014, results of the 1-year follow-up questionnaire were obtained from 113 out of 120 patients (94.2%), as presented in Table IV . For the remaining seven women who failed to complete this questionnaire, full information concerning post-operative fertility and ultrasound assessment was obtained.
Cyst recurrences
Recurrence of ovarian endometriosis was recorded in 18 patients (14.5%). Of the 18 patients, 7 had colorectal endometriosis (recurrence rate ¼ 13.7%) and 11 had no colorectal involvement (recurrence rate ¼ 16.2%). The probability for recurrences 24 and 36 months after surgery was, respectively, 12.2% (95% CI 7.2 -20.3%) and 15.9% (9.6 -25.7%) for the whole sample: this probability was, respectively, 10% (95% CI 4.3-22.3%) and 14.2 (6.4 -29.8%) versus 13.7% (7 -25.9%) and 16.5% (8.8-30%) in women with and without colorectal endometriosis (P ¼ 0.82, Fig. 1 ). The Cox model revealed that ablation of bilateral ovarian endometriomas increased the risk of recurrences 3-fold [hazard ratio (HR) 3.3, 95% CI 1.2-9.4, Table V ]. This risk was not impacted by concomitant management of colorectal endometriosis, antecedents of ovarian cystectomy or age (under 35 versus over 35 years; Supplementary data, Fig. S1 ).
No recurrence of deep endometriosis was recorded during follow-up.
Pregnancy rate
Pregnancies were recorded in 51 out of 83 women who intended to get pregnant (61.4%) and 33 of these pregnancies were spontaneous (64.7%). Among women intending to get pregnant, 38 had associated colorectal endometriosis while 45 had no colorectal involvement. The number of patients who conceived was 25 in the group with colorectal endometriosis (65.8%) and 26 (57.8%) in the group without colorectal involvement (P ¼ 0.46), while the number of spontaneous pregnancies was, respectively, 15 (60%) and 18 (69.2%). A subgroup analysis was performed, after exclusion of women having conceived by post-operative ART, for 16 patients with colorectal endometriosis and preoperatively presumed infertile. In this subgroup, six patients conceived spontaneously, giving a post-operative spontaneous pregnancy rate of 37.5%.
The probability of conceiving during the first 24 and 36 months postoperatively was, respectively, 63.6% (48-79.1%) and 74.5% (56.7-89.4%) in patients with colorectal endometriosis versus 54.6% (40.6-69.9%) and 64.1% (47.7-80.2%) in patients without colorectal involvement (P ¼ 0.87, Fig. 2 ). This probability for the first 24 and 36 months post-operatively was 58.2% (48.1-69.8%) and 68.9% (56.7-80.5%), respectively, for the entire cohort. The logistic regression model revealed that age over 35 years (adjusted odds ratio OR 0.35, 95% CI 0.12-1; Table VI) was the only factor for which the relationship with probability of pregnancy was close to the significance threshold. The probability of conception was not significantly impacted by concomitant management of deep colorectal endometriosis, bilateral endometrioma ablation or infertility antecedents (Supplementary data, Fig. S2 ). Intraoperative findings in 25 women who post-operatively conceived are presented in Supplementary data, Fig. S3 .
Supplementary data, Table SI presents the estimation of statistical power of comparative analysis associated with each variable, and the estimation of sample size required to reveal statistically significant differences.
Discussion
Our study suggests that, in women managed by ablation of ovarian endometriomas using plasma energy, concomitant management of colorectal endometriosis does not impair the rate of recurrences or the probability of post-operative pregnancy and allows a high rate of post-operative spontaneous conception. The study also supports the hypothesis that ablation of ovarian endometriomas using plasma energy may be an ovarian sparing technique, owing to the depth of tissue destruction being shallow and not harmful for underlying ovarian parenchyma (Roman et al., 2011a) . When compared with a series of women for whom ovarian endometriomas were managed by cystectomy and where overall mean pregnancy rate averaged 50% (Vercellini et al., 2009; Berlanda et al., 2013) , our present post-operative pregnancy rate appears encouraging.
The principal weakness of this study concerns sample size. Although comparable with previously published studies, the sample size may be insufficient to reveal statistically significant differences for risk factors with small impact on recurrence and pregnancy rates. For a majority of Kaplan -Meier curves, crossing suggests that increasing sample size would not automatically reveal statistically significant or clinically relevant differences. Furthermore, results suggest that increased sample sizes which may allow statistical significance would be unlikely to reveal clinically relevant differences for recurrence and fertility in relation to the main variables. In a recent systematic review (Cohen et al., 2014) of series of patients with bowel involvement exclusively managed by colorectal resection (n ¼ 1320), the post-operative spontaneous pregnancy rate was 28.6% (95% CI ¼ 25-32.3) and overall post-operative pregnancy rate was 46.9% (95% CI ¼ 42.9 -50.9), though importantly patients included in the systematic review did not always have associated ovarian endometriosis. Vercellini et al. (2012) reviewed published series of patients managed for rectovaginal endometriosis, focusing on patients presumed to be infertile who conceived spontaneously after surgery, and observed a mean post-operative spontaneous pregnancy rate of 24% (range 10-41%). In the prospective trial of Meuleman et al. (2014) , women presenting with colorectal endometriosis managed by colorectal resection associated with ovarian surgery in 60% of the cases, showed a pregnancy rate of 50%. In our study, of the 38 patients with colorectal endometriosis and ovarian endometriomas who tried to conceive after surgery 25 became pregnant (65.8%), producing an overall pregnancy rate of, respectively, 63.6% (48 -79.1%) and 74.5% (56.7-89.4%) at 2 and 3 years post-operatively (Fig. 2) . Furthermore, 60% of these pregnancies were spontaneous. This result is considered the most important finding of our study. As current policy of systematically referring patients with colorectal endometriosis and a pregnancy wish to IVF is not based on a high level of evidence, we believe that the best management of these patients remains to be defined.
It is our opinion, from research on various series of women managed for endometriosis in the literature, that rates of 'infertile patients' merit further discussion. The reader may wonder whether a high rate of postoperative pregnancy could be explained by a low enrollment rate of infertile patients in our series. In this study, the term 'presumed infertile' concerned 48 patients (40.3%) and was defined as patients who had unsuccessfully preoperatively tried to conceive for more than 2 years and had been referred to an ART department. However, a large majority of our total patients presented stage 4 endometriosis with an overall mean rAFS score of 64.8 + 37, indicating low probability of spontaneous pregnancy. Young patients who had attempted to conceive for ,24 months, for whom arrest of the contraceptive pill resulted in symptoms which prompted diagnosis, did not meet 'infertility' criteria. Being referred to our department with both pain and expressed pregnancy desire, surgery was routinely performed. Young patients such as these, when referred to other facilities for primary IVF, are automatically recorded as 'infertile'. It is therefore highly likely that rates of 'infertile women' are underestimated in series of patients managed by primary surgery when compared with those undergoing primary ART. Overall, recurrence rates following complete endometrioma ablation using plasma energy can be reasonably considered comparable with those following cystectomy (Sesti et al., 2009; Seracchioli et al., 2010; Carmona et al., 2011) . In practice, ablation may not be complete in ovarian endometriomas where limits are difficult to assess or in cases of multiple endometriomas. In our series, the higher rate of recurrences observed in patients undergoing bilateral ovarian ablation is likely attributed to greater attention given by the surgeon to ovary preservation over and above a thorough treatment of ovarian lesions. As a consequence, in women seeking to conceive, residual endometriosis foci may have led to recurrences during follow-up. While performing cystectomy in such circumstances may be more efficient in terms of recurrences, it may also lead to an increased risk of inadvertent ovarian parenchyma excision and thus offer an explanation as to why bilateral endometrioma cystectomy is associated with risk of ovarian failure (Somigliana et al., 2008; Busacca and Vignali, 2009 ). Conversely, in our series, bilateral endometrioma ablation did not impact pregnancy rate when compared with unilateral ablation.
Our results indicate that concomitant management of colorectal endometriosis does not impact either risk of recurrences or the probability of pregnancy in women having benefited from ovarian endometrioma ablation using plasma energy. Moreover, surgical management of colorectal endometriosis and ablation of ovarian endometriomas may allow spontaneous conception in one out of three patients, thus reducing expenses related to ART management. Multivariate analysis was performed using the logistic regression model. OR, odds ratio.
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